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(57) ABSTRACT 

An effort-independent, portable, user-operated capnograph 
device for evaluating a pulmonary status of a user. At least one 
baseline measurement is stored within a memory of the cap 
nograph device. The identity of a user of the capnograph 
device is verified to prevent miss-use. Concentrations of car 
bon dioxide (CO2) exhaled by the user when breathing nor 
mally are sensed and stored within the memory. The stored 
data is compared with the at least one of the baseline mea 
Surements to determine the pulmonary status of the user, and 
the determined pulmonary status is indicated to the user. 
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EFFORT-INDEPENDENT, PORTABLE, 
USER-OPERATED CAPNOGRAPH DEVICES 

AND RELATED METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Patent Application No. 60/985,416, filed 5 Nov., 2007, which 
is incorporated herein by reference. 

BACKGROUND 

0002. A capnograph is a non-invasive device that continu 
ously measures the concentration of carbon dioxide (herein 
after CO concentration) of exhaled air using an infrared (1R) 
beam of light. The proportion of the IR beam absorbed by the 
exhaled air correlates with the number of CO molecules 
present in that exhaled air. The time-dependent function of a 
capnograph yields a capnogram. A capnogram is a waveform 
or a graph that plots the CO concentration (also known as 
partial pressure of CO, and denoted herein as pCO) against 
time and is usually measured in mmHg (millimeter of Mer 
cury). The shape of the time-dependent CO waveform has 
certain predictable characteristics in health and illness that 
vary depending on the degree of airway obstruction in 
patients having obstructive pulmonary disease. 
0003. Obstructive pulmonary disease may be chronic, 
acute, or acute-on-chronic. The most common forms of 
chronic obstructive pulmonary disease include asthma and 
emphysema, both of which are subject to acute-on-chronic 
exacerbations; some patients may have both diseases. Acute 
exacerbations as previously mentioned, as well as other pull 
monary diseases, can be life-threatening. Typically, a capno 
graph is used by a skilled medical provider to detect changes 
in the CO concentration and to determine the severity of 
exacerbations as indicated by a rising absolute level of CO. 
0004 Common devices used to monitor the severity of 
asthma and other obstructive pulmonary diseases and to 
detect or predict exacerbations include peak flow meters and 
flow-volume pulmonary function test devices. 
0005 Peak flow meters give results that are effort depen 
dent; results are reliable only if a cooperative patient uses 
well-timed and appropriate muscular effort while exhaling 
through the meter. Similarly, the most important measure 
ments to quantify asthma and other obstructive pulmonary 
diseases are usually made with flow-volume pulmonary func 
tion test devices as described above. Typical tests using Such 
devices are the Forced Expiratory Volume in 1 second (FEV1) 
and the ratio of FEV1 to Forced Vital Capacity (FVC). The 
FEV1 and FVC measurements are effort-dependent because 
they are accurate only if a cooperative patient inhales as 
deeply as possible, then exhales as quickly and completely as 
possible through the meter. 
0006 Young children, elderly, injured, anesthetized, sore, 
and ill patients are often not fully able to cooperate with peak 
flow and other standard pulmonary function measurements. 
0007 FIG. 1A illustrates one exemplary crenellated 
shaped CO waveform of a healthy person. Segment 101A 
represents a period immediately prior to expiration, during 
which CO levels are undetectable. The initial expiration por 
tion of the waveform displays a rapid ascent in pCO as 
demonstrated by segment 101B on the waveform. As expira 
tion continues, the rate of rise in CO levels slow (segment 
101C on the waveform) and reach a constant rate (segment 
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101D on the waveform). The constant CO expiration ends at 
101E where a normal end-expiratory CO value is about 40 
mmHg. The segment 101F on the waveform illustrates the 
rapid decline in detected CO, as the patient enters into the 
next inspiration. 
0008 FIG. 1B shows an exemplary embodiment of a CO 
waveform of a person with pulmonary obstructive disease. As 
shown in FIG. 1B, in the pulmonary obstructive waveform, 
the capnogram loses its rectangular crenellated shape for a 
shark-fin appearance. Segment 101G represents a period 
immediately prior to expiration, during which CO levels are 
undetectable. The initial expiration portion of the waveform 
displays an ascent in pCO (segment 101H), without exhib 
iting a period of time with a constant expiration of pCO. The 
segment 101J on the waveform illustrates the rapid decline in 
detected CO as the patient enters into the next inspiration. 
0009 Typically, a capnogram is printed out as a paper 
chart and is kept in a file history. A health care provider is able 
to determine the pulmonary status of an individual by evalu 
ating the deformation of the shape and slopes of the CO 
waveform of the capnogram and is able to correlate the shape 
of the curve indices to the degree of the pulmonary obstruc 
tion. However, this identification process is performed retro 
spectively (i.e., not in real time), requires extensive training 
and is overall cumbersome. Furthermore, decisions based 
upon the capnograph information are made by a skilled cli 
nician, not by the patient or the immediate caregivers. In 
actual use. Such detailed analyses of capnogram waveforms 
are rarely carried out at all, resulting in the loss of potentially 
useful information. 

SUMMARY 

0010. An effort-independent, portable capnograph device 
is operated by a user, wherein the user is the patient or the user 
is a person other than the patient. For example, the user may 
include a trained medical professional or a person without 
medical training. Hereinafter, the user will be referred to, but 
that is not to be taken as a limitation of the device. 
0011. In one embodiment, an effort-independent, por 
table, user-operated capnograph device, includes a sensor for 
sensing concentrations of carbon dioxide (CO) exhaled by a 
user when breathing normally. A memory stores data of the 
sensed concentrations of CO and one or more baseline mea 
Surements. An analyzer compares the stored data with at least 
one of the baseline measurements to determine the pulmo 
nary status of the user. An output device then indicates the 
pulmonary status to the user. 
0012. In another embodiment, a method evaluates a user's 
pulmonary status using a portable, user-operated capnograph 
device. At least one baseline measurement is stored within a 
memory of the capnograph device. The identity of a user of 
the capnograph device is verified to prevent miss-use. Con 
centrations of carbon dioxide (CO) exhaled by the user when 
breathing normally and sensed and stored within the memory. 
The stored data is compared with at least one of the baseline 
measurements to determine the pulmonary status of the user, 
and the determined pulmonary status is indicated to the user. 

BRIEF DESCRIPTION OF THE FIGURES 

0013 FIG. 1A shows one exemplary CO waveform of a 
healthy person. 
0014 FIG. 1B shows one exemplary CO waveform of a 
person with pulmonary obstructive disease. 
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0015 FIG. 2 shows one exemplary effort-independent, 
portable, user-operated capnograph device, according to an 
embodiment. 
0016 FIG. 3A illustrates an exemplary housing of the 
effort-independent, portable, user-operated capnograph 
device of FIG. 2, according to multiple embodiments. 
0017 FIG. 3B illustrates one exemplary bar graph as 
shown on the display of the effort-independent, portable, 
user-operated capnograph device of FIG. 2. 
0018 FIG. 4 is flow chart illustrating one exemplary pro 
cess for determining and displaying pulmonary status to a 
user, according to an embodiment. 
0019 FIG. 5A shows exemplary analysis of a CO, wave 
form of a healthy person. 
0020 FIG. 5B shows exemplary analysis of a CO wave 
form of a person with pulmonary obstructive disease. 

DETAILED DESCRIPTION OF THE FIGURES 

0021. Effort-independent, portable, user-operable capno 
graph devices and related methods for detecting early 
changes in pulmonary function are disclosed herein. Effort 
independent means that the user simply breathes normally 
into the mouthpiece or mask, thus the invention allows ease of 
use for young, sick, injured, and elderly patients. User-oper 
able means operable by people without medical training as 
well as by a trained medical professional. A "portable' 
device, for example, enables the user to carry the device at all 
times. For example, the effort-independent, portable, user 
operable capnograph device operates to detect an anomaly of 
pulmonary function; the device may alert the user, and/or a 
caregiver, of monitored pulmonary status and allows appro 
priate action to be taken, such as administering rescue medi 
cations, Visiting a physician, going to an emergency depart 
ment, or the like. 
0022 FIG.2 shows one exemplary portable, user-operated 
capnograph device 200. Device 200 includes a power source 
216, a central processing unit (CPU) 202, a display 218, a 
sensor 220, a finger print scanner 222, a real-time clock 224, 
a user interface 226, an interface port 228, and a converter 
230. Power source 216 may be a battery, a power adaptor, 
solar power, and the like. Interface port 228 may include a 
USB port and/or other serial type interfaces. Device 200 
records, analyzes, and alerts the user of pulmonary status of 
the monitored party. 
0023. In an embodiment, device 200 employs CPU202 to 
record and analyze a user's pulmonary status for an exhala 
tion session. For example, user interface 226 allows the user 
to enteruser identification data and to interact with CPU 202. 
User interface 226 may include a keypad or button for enter 
ing personal information and/or for selecting information to 
be displayed on display 218 and/or for setting and clearing 
alarms. In an embodiment, user interface 226 includes a 
microphone to receive Voice commands from the user, and 
may include one or more buttons and/or Switches that allow 
the user to select information to be displayed and/or to set an 
alarm. Real time clock 224, peripheral to CPU 202, supplies 
date and time stamp of each exhalation session. CPU202 acts 
as a controller for device 200. 
0024. In an embodiment, device 200 uses fingerprint scan 
ner 222 to identify the user. In one example of operation, 
fingerprint Scanner 222 scans the user's fingerprint and sends 
the associated fingerprint data to the CPU202 for comparison 
against stored fingerprint data of the user. If CPU 202 deter 
mines that the received fingerprint data matches the stored 
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fingerprint data, the user's identity is verified. CPU 202 may 
be a microprocessor that controls device 200. This identity 
Verification prevents miss-use. 
0025 CPU 202 includes a memory 204 having data stor 
age 206, population baseline 208 and/or personal baseline 
210, and software 212that includes an analyzer 214. Once the 
user's identity is verified, CPU 202 controls sensor 220 to 
measure the CO concentration of the user's exhaled air dur 
ing an exhalation session (also known as the exhalation 
phase). Sensor 220 uses infrared (IR) light to measure the 
CO, concentration of the exhaled air for the duration of the 
exhalation session. Sensor 220 collects CO concentration 
content data from Successive normal breaths and sends the 
CO, concentration data to converter 230. Converter 230 con 
verts the sensed signal into a format suitable for input to CPU 
202 where it is annotated with a date and time stamp received 
from real time clock 224 and stored within data storage 206 of 
memory 204 as data 207. Converter 230 represents an elec 
tronic signal conditioning circuit, for example. Examples of 
data 207 are graphically illustrated as waveforms in FIGS.5A 
and 5B. 
(0026 CPU 202 then executes analyzer 214 to perform 
mathematical waveform analysis of data 207. Analyzer 214 
compares the graphical waveform (e.g., the shape or the slope 
of the waveform) of data 207 with a waveform representative 
of a population baseline 208. Population baseline 208 is a 
baseline waveform derived from a series of pulmonary indi 
ces of population-based norms. Population baseline 208 may 
include data representative of expected normal pulmonary 
function adjusted for age, height and/or weight, and the like, 
of the normal population. Population baseline 208 is stored 
within memory 204. 
0027. In an embodiment, analyzer 214 compares data 207 
with personal baseline 210. Personal baseline 210 includes 
data representative of the user's personal pulmonary function 
as measured during previous healthy sessions. In one 
example, the user instructs CPU 202 to store data 207 as 
personal baseline 210. Personal baseline 210 may be auto 
matically adjusted based upon the user's developmental stage 
and/or variation in the user's daily routine, thereby allowing 
personal baseline 210 to “grow with the user. For example, a 
child's weight changes rapidly with normal growth, and the 
child may have variations in daily routine that are incorpo 
rated into personal baseline 210. Establishing a “growing 
personal baseline 210 requires the use of device 200 on a 
regular (e.g., daily) basis. 
0028 Daily use of device 200, as is currently recom 
mended for traditional peak flow measurements, enables the 
user to have an up-to-date personal baseline 210 stored in 
memory 204, Such that Subtle changes in the user's pulmo 
nary status may be detected during the course of the day. For 
example, daily use of device 200 to monitor the user's pull 
monary status allows device 200 to continually re-calibrate 
personal baseline 210 and to establish a trend of the user's 
pulmonary status. Using an up-to-date personal baseline 210 
for analysis provides a more precise evaluation of the user's 
pulmonary status in comparison to using population baseline 
208, because personal baseline 210 adjusts to the user's 
changes in daily routine and is therefore more attuned to the 
user. The ability of device 200 to detect subtle changes may 
also be useful in School, camp and other situations. 
0029. In one example of operation, CPU 202 executes 
Software 212, an in particular analyzer 214, to conduct real 
time mathematical waveform analysis of data 207 received 
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from converter 230. Analyzer 214 compares, using math 
ematical waveform analysis, data 207 against recorded popu 
lation baseline 208 and/or personal baseline 210 and may 
further determine the trend of the user's pulmonary status. 
Software 212 may then control CPU 202 to display the deter 
mined pulmonary status on display 218 along with specific 
instruction of appropriate action to take. 
0030 FIG. 3A illustrates an exemplary housing 300 and 
detection device 304 of device 200, FIG. 2, according to one 
embodiment. Housing 300 is connected to detection device 
304 by a connecting device 302. Housing 300 is shown with 
a LED 306, interface port 228, display 218, fingerprint scan 
ner 222, user interface 226, and a speaker 312. Speaker 312, 
display 218 and LED 306 may operate together, indepen 
dently, or in any combination, to provide user pulmonary 
status and/or instruction. 
0031 Detection device 304 may be a mouthpiece and/or a 
mask to receive exhaled air from the user. Where the user is an 
infant or is asleep, detection device 304 may represent a 
side-stream nasal cannula that receives exhaled air. As shown 
in FIG. 3A, sensor 220 may be included within detection 
device 304 to measure the CO concentration of the exhaled 
air. Accordingly, connecting device 302 represents a cable 
that transmits electrical signals from sensor 220 to converter 
230 (not shown) within housing 300. In an alternate embodi 
ment, sensor 220 resides within housing 300 and connecting 
device 302 is a capillary tube that transports exhaled air to 
sensor 220. 

0032. Display 218 may show the determined pulmonary 
status and/or instruction as graphical icons, such as a happy 
face 310(1) or a sad face 310(2). For example, to indicate poor 
pulmonary status, display 218 shows sad face 310(2) and 
LED 306 blinks red to attract the user's attention. Simulta 
neously, speaker 312 may output verbal instructions, such as 
“call a physician' or “Use rescue inhaler NOW if you have 
not done so in the past hour.” In one embodiment, the verbal 
instructions are output using a synthetic Voice. In another 
embodiment, the Verbal instructions are output using a 
recorded message of a parent's Voice, thereby appealing more 
to a child. In an embodiment, device 200 may display mes 
sages regarding appropriate corrective measures (i.e., 
actions) to be taken by the user, where such measures are 
previously determined by the user and their clinician/physi 
C1a. 

0033 Interface port 228 may be used to transfer stored 
data, such as trend of the user's pulmonary status, history of 
user's pulmonary status, to an external device (not shown), 
Such as a computer (e.g., the user's home computer, a physi 
cian's office computer, and an emergency department com 
puter) and/or a printer (in the form of a capnogram). Interface 
port 228 may also represent wireless connectivity, Such as 
Bluetooth, a serial infrared (IR) remote interface, or the like, 
that is used for transferring data and for connecting with one 
or more external devices. 

0034 FIG. 3B illustrates one exemplary bar graph 314 as 
shown on display 218, FIG. 2. Bar graph 314 indicates pull 
monary status of the user over a selected period of time. The 
period of time is for example selected from the group com 
prising: an hour, a day, a week, a month, a year, or is input by 
the user. In the example of FIG. 3B, bar graph 314 has seven 
bars 315a-315g that represents a week of recorded pulmonary 
status for the user. A threshold line 316 separates normal from 
abnormal pulmonary status ranges for the user. In the 
example of FIG.3B, bar 315a crosses threshold line 316 and 
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thus represents pulmonary status within a normal range as 
indicated by happy face icon 310(1). Bar 315c, on the other 
hand, remains below threshold line 316 and represents pull 
monary status within an abnormal range as indicated by sad 
face icon 310(2). Bar graph 314 thus shows the user's pulmo 
nary status for the week for assimilation at a glance. This 
example shows the pulmonary status of the user was normal 
for two days and abnormal for five days of the week. 
0035 FIG. 4 is flow chart illustrating one exemplary pro 
cess 400 for determining and displaying pulmonary status to 
a user. Process 400 is for example implemented within soft 
ware 212 and executed by CPU 212 of device 200, FIG. 2. 
Process 400 starts with step 401. In one example of step 401, 
device 200 is turned on, whereupon display 218 and/or LED 
306, FIG. 3A, indicates device activation (e.g., display 218 
may show the word “START and/or LED 306 may flash 
intermittently. In step 402, process 400 initializes. In one 
example of step 402, device 200 performs one or more self 
checks and calibrations, during which device 200 may show 
a “READY/“NOT READY indication on display 218 and/ 
or LED 306. 

0036 Step 404 is a decision. If, in step 404, process 400 
identifies the user (e.g., through operation offingerprint scan 
ner 222, password entry or other conventional identification 
means), process 400 continues with step 406; otherwise pro 
cess 400 repeats step 404. Step 406 is also decision step. If, in 
step 406, process 400 determines that personal baseline 210 
measurement of the current session is overdue, process 400 
continues with step 408; otherwise, process 400 continues 
with step 416. In one example of step 406 (determining if a 
baseline is overdue), software 212 determines that personal 
baseline 210 data has been stored for a defined period of time 
(e.g. five to seven days since the baseline measurement was 
recorded) and continues with step 408. 
0037. In another example, the user and/or his/her caregiver 
set an alarm to alert the user when personal baseline 210 is 
about to expire. For example, a voice may say “baseline 
measurement is about to expire, would you like to re-calibrate 
a new baseline? If the user does not respond to the voice 
command via user interface 226, device 200 automatically 
defaults to using population baseline 208 as a standard for 
comparison in the next assessment session. Alternatively, the 
user may be asked (or the device pre-programmed) to use the 
most recent personal baseline data anyway, and then prompt 
the user to input new data for use as a personal baseline when 
an acute exacerbation is resolved. Software 212 may maintain 
timers (e.g., within CPU 202 and/or real time clock 224) for 
determining the age of baseline measurement stored in 
memory 204 and may thereby determine when a new personal 
baseline 210 measurement is overdue. In one example of 
normal use, the user may be instructed by device 200 to record 
personal baseline data every day at a standard time. 
0038. In step 408, process 400 notifies the user that per 
sonal baseline 210 is overdue via speaker 312, graphical icons 
310, or LED 306. Step 410 is a decision. If, in step 410, the 
user interacts with the device, process 400 continues with step 
412; otherwise process 400 continues with step 414. In step 
412, process 400 re-calibrates a new personal baseline; the 
new personal baseline is adjusted to the user's different stages 
of development such as gain (or loss) of weight or the changes 
in daily routine, thereby process 400 may “grow with the 
individual user. Process 400 then continues with step 416. 
0039. In step, 414, device 200 defaults to stored popula 
tion baseline 208, and provides an indication of the user's 
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status derived from comparison of acquired waveform char 
acteristics in comparison with that data. Step 414 is useful for 
a distressed user who may have an asthma attack episode and 
cannot interact with device 200. Process 400 then continues 
with step 416. 
0040. In step 416, process 400 instructs the user. In one 
example of step 416, software 212, via speaker 312, instructs 
the user to, for example, "put the mask on and breathe nor 
mally”. Normal breathing is all that is required since device 
200 is effort-independent; that is, the user does not have to 
forcefully exhale air as required for FEV1 and peak-flow 
testing. 
0041 Step 418 is a decision. If, in step 418, the user has 
followed the instructions of step 416 correctly and sufficient 
CO data has been collected to derive a graphical waveform 
that is mathematically acceptable (e.g. fits within pre-estab 
lished parameters for resembling a curve illustrated in FIG. 
5), process 400 then continues with step 422; otherwise, 
process 400 returns to step 416 to give the user instruction to 
repeat the breathing step; process 400 may suggest remedia 
tion on return to step 416 (e.g., “Be Sure the mask is properly 
on your face.”) 
0042. In step 422, process 400 stores the acquired data in 
data storage 206 of memory 204. In one example of step 422, 
software 212 stores acquired data from sensor 220 (via con 
verter 230) in data storage 206 as data 207. In step 424, 
process 400 analyzes the characteristics of the data acquired 
in step 422. In one example of step 424, analyzer 214 math 
ematically compares at least one characteristic (e.g., slope of 
a line tangent to a point on the graphical waveform repre 
sented by data 207) of data 207 with the corresponding char 
acteristic(s) of at least one of population baseline 208 and/or 
personal baseline 210. Step 424 also determines if the graphi 
cal waveform represented by data 207 falls within or without 
pre-determined ranges associated with the baseline charac 
teristics. 

0043. In step 426, if the characteristics of the graphical 
waveform represented by data 207 falls within the rep-deter 
mined ranges, process 400 displays a positive (good) indica 
tion such as a happy face icon 310(1) on display 218, voice 
information or verbal output from speaker 312. If the charac 
teristics of the graphical waveform represented by data 207 
falls outside of the range, then process 400 displays a negative 
(bad) indication such as a sad face icon 310(2) on display 218, 
and a warning Voice or tone or verbal output from speaker 
312. If pre-determined by the user and/or the user's healthcare 
provider, the display may also include specific instructions 
such as “use 2 puffs of your rescue inhaler.” If configured for 
internet access (e.g., through interface port 228 configured as 
a Bluetooth, WiFi or equivalent interface), an alert may also 
be sent to the user's parent(s), caregiver, and/or health care 
provider. 
0044) A non-limiting example of data 207 (as analyzed in 
step 424 of process 400) is shown in FIG. 5A. In particular, 
FIG. 5A illustrates one exemplary crenellated shaped CO 
waveform of a healthy person. Segment A, represents a period 
immediately prior to expiration, during which CO levels are 
undetectable. The initial expiration portion of the waveform 
displays a rapid ascent in pCO. For example, a tangent line 
501B of the waveform at point B shows an ascending slope 
(i.e., a slope approaching one) as CO levels in expired air rise 
rapidly. As expiration continues, the slope of a tangent line 
501C of the waveform at point C decreases, indicating a 
slowing of the rate of rise of CO levels. A tangent line 501D 
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of the waveformat point D has a slope of substantially Zero as 
the level of expired CO, remains nearly constant. The con 
stant CO expiration ends at point E where a normal end 
expiratory CO value is about 40 mmHg. The segment 
between points E and F on the waveform illustrate the rapid 
decline in detected CO as the patient enters into the next 
inspiration. 
0045 Another non-limiting example of data 207 (as ana 
lyzed in step 424 of process 400) is shown in FIG. 5B. In 
particular, FIG. 5B illustrates one exemplary CO waveform 
(capnogram) of a person with pulmonary obstructive disease. 
As shown in FIG. 5B, the waveform loses its rectangular 
crenellated shape for a shark-fin appearance. Although, the 
initial expiration portion of the waveform displays an ascent 
in pCO, a tangent line 501G of the waveform at point G is 
less steep than the corresponding tangent line 501B of FIG. 
5A. Further, the waveform of FIG.5B does not exhibit period 
of constant pCO. For example, a tangent line 501H of the 
waveform at point H has an increasing slope in comparison to 
tangent line 501D of FIG. 5A (which has a slope that is 
Substantially Zero). The segment between points I and J on the 
waveform illustrate the rapid decline in detected CO, as the 
patient enters into the next inspiration. 
0046 Exemplary, but non-limiting, features of data 207 
that are analyzed in step 424 of process 400 include the slopes 
of tangent lines 501B, 501C and 501D of points B, C and D, 
respectively, on the graphical CO waveform of a healthy 
person as shown in FIG. 5A, and the slopes of tangent lines 
501G and 501H of points G and H, respectively, on the 
graphical waveform of a person with pulmonary obstructive 
disease, as shown in FIG. 5B. Additional, but non-limiting, 
data to be analyzed includes the duration of the entire expi 
ratory cycle (e.g., between points A, B, C, D, E and F of the 
waveform recorded from a healthy person as shown in FIG. 
5A and between points A, G, H, I and J of the waveform 
recorded from a person with pulmonary obstructive disease as 
shown in FIG. 5B). 
0047. In one example of operation, a child carries the 
portable capnograph device 200, FIG. 2, along with him/her 
on a camping trip. As instructed by a camp counselor, the 
child may breathe normally into device 200 such that device 
200 performs an analysis of the child's present pulmonary 
status by comparing the immediate breathing session with 
personal baseline 210. Device 200 then outputs the deter 
mined relative pulmonary status to the camp counselor (or 
other caregiver) who may be unfamiliar with the child's his 
tory. The device may also give a real-time pulmonary status 
and/or instruction about appropriate decision-making with 
regard to medication administration and/or the need for more 
advanced health care. 

0048. In another example of operation, a child or adult 
may use device 200 at approximately the same time daily, 
indicating on a written or electronic record his or her Subjec 
tive feelings about respiratory status. On “good days the 
device's acquired data would enter the “baseline database, 
and on “bad” or "questionable' days the data would be used 
in comparison with baseline to provide an indication of true 
pulmonary status. Alternatively, the daily check would be 
done only against a known baseline approved by a health care 
provider or against the population norm, in this case provid 
ing an early warning of abnormal function that may be unno 
ticed by the user, and prompting corrective action Such as 
medication dose or health care provider contact. Digital infor 
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mation from the device can be shared with healthcare provid 
ers remotely to speed appropriate care and to defer unneces 
sary face-to-face visits. 
0049 Changes may be made in the above methods and 
systems without departing from the scope hereof. It should 
thus be noted that the matter contained in the above descrip 
tion or shown in the accompanying drawings should be inter 
preted as illustrative and not in a limiting sense. The following 
claims are intended to cover all generic and specific features 
described herein, as well as all statements of the scope of the 
present methods and systems, which, as a matter of language, 
might be said to fall there between. 
What is claimed is: 
1. An effort-independent, portable, user-operated capno 

graph device, comprising: 
a sensor for sensing concentrations of carbon dioxide 
(CO) exhaled by a user when breathing normally: 

a memory for storing data of the sensed concentrations of 
CO and one or more baseline measurements; and 

an analyzer for comparing the stored data with at least one 
of the baseline measurements to determine the pulmo 
nary status of the user, and 

an output device for indicating the pulmonary status to the 
USC. 

2. The device of claim 1, wherein at least one of the base 
line measurements is a personal baseline uniquely pertaining 
to the user. 

3. The device of claim 1, wherein at least one of the base 
line measurements is a population baseline. 

4. The device of claim 1, the output device comprising a 
display for graphically indicating the pulmonary status. 

5. The device of claim 4, the display comprising one or 
more of a liquid crystal display (LCD) and at least one light 
emitting diode (LED). 

6. The device of claim 4, the display showing the pulmo 
nary status using one or more of a graphical waveform, at 
least one icon, and text. 

7. The device of claim 4, the display showing a graph for 
visually indicating trends in the pulmonary status of the user. 

8. The device of claim 1, the output device comprising a 
speaker for audibly indicating the pulmonary status. 

9. The device of claim 8, the speaker outputting the pull 
monary status using a synthesized Voice. 

10. The device of claim 8, the speaker outputting the pull 
monary status using a recorded Voice. 

11. The device of claim 1, further comprising a fingerprint 
scanner for identifying the user to prevent miss-use. 

12. The device of claim 1, further comprising a user inter 
face for receiving identification information from the user, the 
identification information being used to verify the identity of 
the user to prevent miss-use. 

13. The device of claim 1, further comprising an interface 
port for connecting to either or both of a computer and a 
printer. 

14. The device of claim 13, the interface port comprising a 
universal serial bus (USB) port. 

15. The device of claim 1, the analyzer mathematically 
analyzing a graphical waveform representation of the stored 
data. 
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16. The device of claim 15, the analyzer comparing fea 
tures of the graphical waveform against graphical features 
represented by the baseline measurement. 

17. The device of claim 1, the analyzer comparing the 
stored data with at least one of the baseline measurements in 
real time. 

18. The device of claim 1, the analyzer establishing a new 
baseline measurement based upon the stored data. 

19. A method for evaluating a user's pulmonary status 
using a portable, user-operated capnograph device, compris 
1ng: 

storing, within a memory of the capnograph device, at least 
one baseline measurement; 

verifying the identity of a user of the capnograph device to 
prevent miss-use: 

sensing concentrations of carbon dioxide (CO) exhaled by 
the user when breathing normally; 

storing, within the memory, data of the sensed concentra 
tions of CO: 

comparing the stored data with at least one of the baseline 
measurements to determine the pulmonary status of the 
user, and 

indicating the determined pulmonary status to the user. 
20. The method of claim 19, further comprising storing a 

new baseline measurement within the memory based upon 
the stored data. 

21. The method of claim 19, further comprising providing 
instruction to the user for operating the capnograph device. 

22. The method of claim 21, the instruction comprising 
verbal instructions. 

23. The method of claim 22, the verbal instructions being 
output using a synthetic Voice. 

24. The method of claim 22, the verbal instructions being 
output using a recorded Voice. 

25. The method of claim 19, further comprising providing 
instruction to the user based upon the determined pulmonary 
Status. 

26. The method of claim 19, wherein at least one of the 
baseline measurements is a population baseline. 

27. The method of claim 19, the step of indicating com 
prising displaying a graph indicating a trend in the pulmonary 
status of the user, the trend being based upon the stored data 
and stored data of a previous session. 

28. The method of claim 19, the step of indicating com 
prising displaying icons to indicate the pulmonary status. 

29. The method of claim 19, the step of indicating com 
prising audibly outputting the pulmonary status using a voice 
synthesizer. 

30. The method of claim 19, the step of indicating com 
prising audibly outputting the pulmonary status using a 
recorded voice. 

31. The method of claim 19, the step of comparing further 
comprising graphically analyzing the stored data to identify 
characteristics for comparison against the baseline 
measurement. 


